This review deals with the functional anatomy of the six components of the mitral apparatus, namely, the left atrial wall, annulus, leaflets, chordae tendineae, papillary muscles, and left ventricular wall. Each component is considered individually, in the context of the apparatus as a whole, in relation to the mode of closure of the normal mitral valve, and in the light of many acquired and congenital disorders that disturb the harmony of the finely coordinated mitral mechanism and render it incompetent.
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The left atrium is related to mitral valve competence in terms of contraction and relaxation and in terms of dilatation of its posterior wall. The annulus not only serves as a fulcrum for the leaflets but exhibits sphincteric contraction in systole that decreases the size of the orifice. The two leaflets differ in shape but are nearly identical in area, and together are about two and one half times the area of the orifice that they are required to close. Leaflet abnormalities causing acquired or congenital mitral regurgitation result from deficient leaflet tissue, excessive leaflet tissue, or restricted leaflet mobility. Chordae tendineae are considered according to their leaflet attachments, ventricular attachments, thicknesses, lengths, and arborization patterns. Mitral regurgitation due to chordal abnormalities results from chordae that are abnormally long, abnormally short, ectopically inserted, or ruptured. In this context, systolic clicks and late systolic murmurs are discussed, and severe acute mitral regurgitation is contrasted with severe chronic mitral regurgitation. The papillary muscles and the left ventricular wall represent the two muscular components of the mitral apparatus. An appraisal of papillary muscle dysfunction includes dysfunction with loss in continuity (rupture) and dysfunction without loss in continuity (fibrosis, ischemia, replacement). Finally, the role of altered left ventricular shape is discussed in the context of mitral regurgitation, and the effect of dilatation is ascribed chiefly to alterations in the position of papillary muscles and their directional axes of tension. Wiggers, 19221 anatomic e cert. Thesz HE MITRAL APPARATUS is a composterior 1e plex, finely coordinated mechanism that Chordae tendineae Systolic clicks nged by a multiplicity of acquired Lital disorders and requires for its the functional integrity of six lements working in delicate cone anatomic elements are: (1) eft atrial wall, (2) annulus, (3) PERLOFF, ROBERTS leaflets, (4) chordae tendineae, (5) papillary muscles, and (6) Circulation, Volume XLVI, August 1972 MlTI AL APPARIATUS Figure 5 Opened left atrium (a) and opened left heart (b) of a 37- previously normal, small, and therefore relatively noncompliant left atrium (figs. 5 and 6). The steeply rising left atrial v wave approaches left ventricular pressure in the latter part of systole, resulting in late systolic decline in both regurgitant flow and murmur intensity (holosystolic but decrescendo). The previously normal left atrium responds by increasing its wall thickness ( fig. 6 ) and its contractile force and thus causing presystolic distention of the left ventricle and a fourth heart sound. 40 The direction of the regurgitant jet may be forward and medial toward the atrial septum adjacent to the aortic valve, so that radiation of the murmur is toward the left sternal edge and base;10 this pattern accounts for "mitral incompetence simulating aortic stenosis.' In other patients, the direction of the jet is posterior or lateral. 4' Chronic severe mitral incompetence42 stands in contrast to acute severe mitral regurgitation ( fig. 6 ). In chronic severe mitral incompetence, there is a long history of a murmur which is holosystolic but not decrescendo; radiation is to the axilla and back; atrial fibrillation is the rule with a prominent third heart sound; physical signs of pulmonary hypertension are absent because a distensible left atrium enlarges strikingly and "absorbs" the regurgitant flow42 ( fig. 6 ).
Papillary Muscles and Left Ventricular Wall
These two elements represent the muscular components of the mitral apparatus. The papillary muscle, as a functional unit, includes a portion of the adjacent left ventricular wall.
Although rupture of a papillary muscle has been known since 1803,2 the term "papillary muscle dysfunction" was not introduced until 1963.43 Dysfunction can occur either with loss in continuity (rupture) or without loss in continuity (fibrosis, ischemia, replacementl9; table 1).
The papillary muscles emerge as single bodies from the left ventricular wall and divide into a variable number of heads, each of which serves as an anchor for chordae tendineae44, 45 (fig. 4) (fig. 4) . If rupture is confined to one papillary muscle head, the physiologic derangement is quantitatively similar to rupture of major chordae. If rupture involves the entire papillary muscle, i.e. its central body, approximately half of the support of each leaflet is lost so that regurgitation is overwhelming and rapidly fatal44 (fig. 4) fig. 7) . Accordingly, the papillary muscle as a functional unit is now believed to include its muscular foundation in the contiguous left ventricular wall. 19, 46, 50 Papillary muscle dysfunction without loss in continuity can result in either persistent mitral incompetence of varying severity43 51 If the papillary muscles are pulled in the same direction, the distance between the mitral annulus and the apex increases so that chordae become too short to permit leaflet closure. 4 Compensatory elongation of the chordae under these circumstances serves to preserve mitral valve competence, but if the annular-apical distance subsequently decreases (correction of aortic regurgitation), these elongated chordae might result in leaflet overshoot.
A different alteration in left ventricular shape has been held responsible for another variety of mitral regurgitation, namely, the late regurgitation of idiopathic hypertrophic subaortic stenosis.53 54 Echocardiography has shown that in this disorder the anterior mitral leaflet reopens in midsystole after normal initial closure.54 This reopening times with the onset of outflow obstruction as the anterior leaflet and septum approach each other.54 It has been postulated that the abnormal systolic movement of the hypertrophied interventricular septum alters the axis of the anterolateral papillary muscle by pulling it from its closed position.53 Such movement may not only provoke late systolic mitral regurgitation but may also contribute to obstruction to ventricular outflow.
